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© Preventing adp-ribosylation of g-proteins. 



© Nicotinamide and its analogues (but not nicotinic 
acid) are effective in preventing or reversing the 
effects of microbial toxins, e.g. pertussis toxin, which 
ADP-ribosylate G-proteins. 
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PREVENTING ADP-RIBOSYLATION OF G-PROTEINS 



This invention relates to preventing and revers- 
ing adenosine diphosphate (ADP)-ribosylation of G- 
proteins by microbial toxins. 

Proteins which bind guanosine triphosphate 
(GTP), so-called G-proteins, are important in many 
physiological systems and are usually associated 
with some form of signal transduction or protein 
synthesis. It is known that the toxic effects of some 
bacterial toxins (called "ADP-ribosylating toxins") 
are associated with the ADP-ribosylation (ADPR) of 
G-proteins which is catalysed by the toxins. Patho- 
logical effects associated with cholera, diphtheria, 
whooping cough (pertussis) and pathological 
strains of Escherichia colt and Pseudomonas in- 
volve ADP-ribosylation of G-proteins. The conse- 
quences of G-protein ADPR differ for each toxin 
and the particular G-protein affected.* Cholera toxin 
causes the secretory diarrhoea characteristic of 
cholera by activating a G-protein linked to ad- 
enylate cyclase. This long-lasting or "permanent" 
activation causes accumulation of cyclic adenosine 
3',5'-monophosphate (cAMP) in cells of the intes- 
tinal mucosa, and this increase in cAMP leads to 
increased secretion. In vitro , the cholera toxin can 
activate adenylate cyclase in virtually all vertebrate 
ceils. Pertussis toxin inactivates G-proteins. This 
toxin acts selectively, however, on an inhibitory 
subunit of the adenylate cyclase G-protein. ADPR 
of this site also leads to activation of adenylate 
cyclase. It is not known exactly how the char- 
acteristic whooping cough arises in pertussis infec- 
tion; it may be caused by increased secretion of 
pulmonary epithelial cells or by some effect of the 
toxin on C.N.S. neurons. Diphtheria and 
Pseudomonas toxins ADP-ribosylate the G-protein 
"elongation factor 2 W causing inactivation, and 
thereby inhibiting protein synthesis. The ADP- 
ribosylating toxin of E. coli has a similar action to 
cholera toxin. 

It has now been discovered that the ADPR of 
G-proteins can be prevented or reversed by 
nicotinamide and its analogues, except nicotinic 
acid which is ineffective. The importance of 
nicotinamide in nutrition, e.g. in preventing the dis- 
ease pellagra, is well known, but for this purpose 
only low (ca. 10 mg) doses of nicotinamide are 
required. The desirable therapeutic effects obtained 
with the present invention require the use of a 
much larger amount of nicotinamide or one of its 
analogues. 

The valuable effect of nicotinamide has been 
demonstrated in the following way. Photo-activation 
of rhodopsin in retinal rods, which may be studied 
in retinal slices, activates a G-protein (transducin). 
ADPR of this G-protein by pertussis toxin results in 



its stabilization in an inactive state, leading to de- 
* polarization and block of light responses of the 
rods. Perfusion of the retinal slice with 0.1-10 mM 
nicotinamide is effective in reversing ADP-ribosyla- 

s tion of transducin, as indicated by the recovery of 
light responses and membrane potential. Subse- 
quent applications of pertussis toxin are ineffective 
in blocking light response in the presence of 
nicotinamide, and thus demonstrate the prevention 

ro of ADPR of a G-protein in an intact cell which 
would normally have been catalysed by the bac- 
terial toxin. 

ADP-ribosylating toxins are known to catalyse 
the reaction: 

rs NAD + G-protein = G-protein-ADPR + 

nicotinamide + H + where NAD = nicotinamide 
adenine dinucleotide and ADPR = ADP-ribose. 
Bacterial toxins such as pertussis toxin and cholera 
toxin drive this reaction to the right. However, by 

20 providing a high concentration of nicotinamide, the 
reaction can be driven to the left and the G-protein 
thus restored to its normal functional state. The 
precise mechanism by which nicotinamide is effec- 
tive in blocking ADPR is not fully understood: 

25 There is evidence that it directly competes with 
NAD for NAD-binding sites on the toxin molecule. 

The efficacy of nicotinamide in the reversal of 
ADPR of G-proteins by microbial toxins is not evi- 
dent from published biochemical data. This is due 

30 to two reasons: 

(1) The intracellular concentrations of free 
substrate NAD have been over-estimated. This has 
led to the assumption that under natural conditions 
the above reaction is driven entirely to the right, 

35 and thus has lead to the commonly held miscon- 
ception that ADPR by bacterial toxins is irreversible 
except at very high concentrations (at least 50 
mM) of nicotinamide. 

(2) Endogenous ADP-ribosyltransferases, 
40 particularly in retinal rods and in the adenylate 

cyclase system of rat adipocytes, have only re- 
cently been discovered. Rapid endogenous tur- 
nover of G-protein ADPR indicates the presence of 
endogenous enzymes catalysing the reverse reac- 
45 tion: 

H + + G-protein-ADPR + nicotinamide - G- 
protein + NAD* In the exploitation of the present 
invention, this reaction is driven to the right by 
providing increased substrate nicotinamide, or ana- 
50 logue thereof, which restores G-protein function. 
Such ADPR-G-protein cleavage enzymes have 
been isolated from erythrocytes. The presence of 
such enzymes in the intact cell increases the ef- 
ficacy of nicotinamide over that to be expected 
from biochemical data using isolated G-proteins. 
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Accordingly, the present invention provides a 
method of reversing and/or blocking the effects of 
bacterial toxins which ADP-ribosyiate G-proteins by 
administering to a subject endangered by such a 
bacterial toxin an effective amount of nicotinamide 5 
or analogue thereof (excluding nicotinic acid). The 
invention further provides nicotinamide and its ana- 
logues (excluding nicotinic acid) for use in produc- 
ing a pharmaceutical composition for the therapy of 
pathological conditions caused by ADP-ribosylating w 
microbial toxins. Suitable analogues of nicotinic 
acid include, for example, isonicotinamide and N- 
methyl-nicotinamide. 

The toxicity of nicotinamide is low, and rela- 
tively large amounts may be adminstered without is 
toxic effect. Administration with methionine, to pre- 
vent toxicity due to methyiation of nicotinamide, is 
recommended. The co-administration of other com- 
pounds such as adenine which also inhibit ADP- 
ribosylation of G-proteins may also be beneficial. 20 
Strategies to limit drug concentrations to affected 
regions alone should preferably be employed, e.g. 
to the lower intestine in cholera (by coating pills), 
and to the lungs in pertussis (by aerosol). For the 
purposes of the present invention a daily oral dose 25' 
of 1 to 5g for a standard 70 Kg adult is appropriate 
or, if desired, a daily intravenous dose of 0.2 to 1 
g, e.g 0.5 g, may be administered. Methionine may 
be administered in substantially the same dosage 
and by the same routes. If adenine is administered, 30 
an appropriate dosage is about one tenth of the 
dosage of the nicotinamide. 

Diseases associated with bacterial toxins hav- 
ing ADPR activity include cholera, whooping cough, 
diphtheria, and gastritis caused by pathogenic 35 
forms of E. coii. Evidence is emerging that ADP- 
ribosylation is a common mechanism by which 
many bacterial and viral-produced toxins operate, 
in each case, pathogenic effects are caused by 
ADP-ribosylating toxins produced by the micro- 40 
organism. The present invention provides a means 
for counteracting such toxic effects and thereby 
enabling the host's normal defence mechanisms to 
build up and meet the infection. 



Claims 

1. Nicotinamide or an analogue thereof other 
than nicotinic acid for use in producing a phar- so 
maceutical composition for the therapy of a patho- 
logical condition caused by a microbial toxin which 
ADP-ribosylates G-proteins. 

2. A pharmaceutical composition comprising 
nicotinamide or an analogue thereof other than 55 
nicotinic acid, alone or in association with 



methionine and/or adenine, together with a signifi- 
cant amount of a compatible pharmaceutical^ ac- 
ceptable carrier. 
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